MICROPROCESSORS 


SX-microcontroller 
evaluation system (1) 





part 1: introducing 
the Scenix SX micro 





Design by Dr. M. Ohsmann 





With a PC-like RISC 
architecture and offering 
clock frequencies up to 
100 MHz, the new SX 
processors from Scenix are currently the fastest 8-bit microcontrollers 
around. Unfortunately, the cost of the development kit supplied by Paral- 
lax is on the high side to say the least, and that is why we present an 
alternative for home construction. The system consists of a program- 
ming adaptor, an assembler, two demonstration boards and a variety of 
example programs. 
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Figure 1. SX microcon- 
troller architecture. 


Scenix recently released 
the first devices from of 
anew series of 8-bit microcontrollers. 
Although these early products are still 
flawed by the odd bug, they allow 
designers to get cracking. As far as raw 
speed is concerned, the new Scenix 
products are currently the fastest 8-bit 
microcontrollers you can buy. At a 
clock frequency of 50 MHz, the stan- 
dard version rockets along at a speed 
of 50 MIPs (million instructions per sec- 
ond). Meanwhile, the first samples of 
75-M Hz versions have arrived, and a 
100-M Hz version is in the pipeline. 

The price, too, is right at less than 
4US dollars per unit for volume quan- 
tities. On the down side, development 
kits, assemblers and programming 
adaptors for the SX series are priced 
well over 250 US dollars. As you can 
see from Table 1, The development 
system we have in mind is far less 
costly, and comprises just about any- 
thing you need for a head start with 
the extremely fast ‘SX’ microcontroller. 

Datasheets of the SX processors 
may be downloaded from the Scenix 
web site at www.scenix.com. There 
you will also find the errata sheets for 
the earliest chips. This information was 
obviously taken into account while the 
present development system was 
designed. 


THE SX PROCESSOR 
FAMILY 

As wewrite this, the SX series consists 
of just two members, which differ in 
respect of the number of ports. The 
smaller version does not have port C 
bonded out to pins. It is available 18- 
pin cases (Type SX18AC/SO = small 
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outline; Type 
SX18AC/DP = DIL 
case), or in a 20-pin SSOP case (Type 
SX20AC/SS). 

The larger brother has port C avail- 
able on pins. It comes in three different 
28-pin cases (SX28AC/SO = small out- 
ling) SX28AC/DP = DIL case, 
SX28AC/SS = small scale). The 75-MHz 
and 100-MHz versions have the 
respective type designations 
SX284C75/DP and SX28A4C100/DP. 


136 Bytes 


wa 


8 8 8 
In-System 
In-System 4 8 
Programming 
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The internal architecture of these 
processors is shown in Figure 1. The 
processor has several clock oscillators, 
which will be discussed in detail fur- 
ther on in the series. 

An internal low-power oscillator 
may be used, or an external quartz 
crystal or RC network may be con- 
nected. Next, we have a +4 prescaler. 
If this is bypassed, the so-called Turbo 
Modeis selected, which guarantees the 
fastest program execution. The instruc 


Table 1 sx€valuation System Hardware and software overview 


PICKALOCK 


Programming adaptor for in-system serial programming 


(ISP) of Scenix SX controllers 


PICKLOC1.DOC 


SXDemoboard 1 
SXDemoboard 2 


SXASM.PAS 
SXASM.EXE 
SXASM.DOC 


SXPRO.PAS 
SXPRO.EXE 
SXPRO.DOC 


TIPS.DOC 


LED1.SRC 
IRC1.SRC 
RC1.SRC 
SERIO1.SRC 
SERPWM1.SRC 
SINGEN1.SRC 
SINGEN2.SRC 
MIW1.SRC 


Tips for faultfinding 


Documentation of the PC/PICKALOCK interface 


Demonstration board for the SX28AC controller 
Demonstration board for the SX18AC controller 


Assembler for SX controllers; source code (Pascal 5.0) 
Assembler for SX controllers (executable program) 
Documentation with assembler 


PC shell for SX-PICKALOCK; source code 
PC shell for SX-PICKALOCK 
Operation manual 


Example program: LED flasher using 16-MHz crystal 
LED flasher using internal RC oscillator 

LED flasher using external RC oscillator 

Serial hexadecimal I/O foe test purposes 

PWM/ADC and LED control 

Sine wave generator, 1 kHz, PWM 

ine wave generator, 455 kHz, using R-2R DAC 
Multi-wakeup test 
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Figure 2. Principle of in-circuit 
serial programming (ISP) of 


tions have a width 
of 12 bits and arrive 
by way of a4-stage 
Pipeline. That is 
why branch (jump) 
instructions take more than one clock 
cycle to execute, after all, the pipeline 
contents has to be handled first. 

There is an internal, independent 
watchdog circuit which is useful if not 
essential for no-break systems. An 8-bit 
timer is available with somewhat lim- 
ited possibilities, although that is easily 
compensated by the high processing 
speed of the SX. The interrupt unit is 
triggered by this timer or the wake-up 
unit in Port B. In this way, level 
changes on the &bit Port B may be 
sued to request interrupt servicing. A 
welcome extra in this arrangement is 
the constant latency of 60 ns at a 
50 MHz clock rate, which guarantees 
jitter-free interrupt servicing. This use- 
ful feature is found on very few 
processors indeed. 

A number of registers is available, 
induding W, FSR, PC and STATUS, 
which serve to select options — they 
may be used as register pointers or 
auxiliary registers for the arithmetic 
logic unit (ALU). The arithmetic unit is 
capable of performing 8-bit subtraction 
and addition. Special attention should 
be given to the ‘carry’ bit. By means of 
an option you choose during pro- 
gramming, the carry bit is either taken 
into account or ignored. This will take 
some getting used to, and requires 
strict discipline, particularly with pro- 
gram parts you have not written your- 
self. 

The regular logic combination 
options are all available. A hardware 
multiply unit is, however, not found in 
the SX. 

The instruction set contains a large 
number of instructions for bit testing 
and setting, so that bit manipulation 
and logic interrogations are easily 
implemented. Most transfers and oper- 


chip. 
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the SX controller by way of 
the two oscillator pins on the 


ations are per- 
formed with the 
aid of the W regis- 
ter. To add two val- 
ues loaded from 
memory, you normally need two 
instructions. That is the hallmark of the 
RISC instruction set — complex oper- 
ations are simply implemented by call- 
ing in the help of several RISC instruc- 
tions. 

The processor core employs an 
internal 136-byte RAM, whose contents 
may be addressed by means of RISC 
bank-switching commands. This pro- 
cedure should be familiar from PIC 
programming as described by 
Microchip. Those of you who ‘grew 
up’ with the 8051 may find this alittle 
unusual, though. The program is con- 
tained in a 2-kword (12-bit wide) EEP- 
ROM, which may be accessed exter- 
nally by way of the ISP interface. More 
real-world connections are available 
through ports A, B and C, whose 
inputs can be set up as Schmitt-triggers 
or made to respond to different levels. 
The output lines offer even more 
options and should be suitable for a 
vast number of applications. Any indi- 


Table 2 

Bits Command 
C3 - C0 hex 

1111 = OF NOP 

0000 = 00 ERASE 

0001 = 01 READ-DEV 
0010 = 02 READ-FUSEX 
0011 = 03 PROG-FUSEX 
0100 = 04 LOAD 

0101 = 05 PROG 

0110 = 06 READ 

0111 = 07 INC 


(idle) 
clear 
read 
read 


vidual output line is capable of sup- 
plying up to 30 mA for ‘high’ as well as 
‘low’ levels. This enables LEDs to be 
driven directly. The chip architecture 
also comprises an analogue compara- 
tor. This sub-circuit may be interro- 
gated via port B, and should enable 
efficient communication with analogue 
peripherals to be set up quite easily. 


THE KEY TO THE SX 
For your first experiments with a new 
processor you obviously need a pro- 
grammer, an evaluation board (prefer- 
ably several) and software (assembler 
and the like). Although the SX starter 
kit from Parallax 
(www.parallaxinc.com) also offers 
debugging tools and a development 
system, it is far more expensive than 
comparable starter kits for other mod- 
ern microcontrollers. The Parallax 
starter kit contains the so-called SX-key, 
which is basically a programming 
interface that enables programs to be 
downloaded into the processor. Unfor- 
tunately, the SX-key is not supplied 
separately. The fairly high cost of get- 
ting started with the SX micro 
prompted the author to design his 
own programming adaptor called SX- 
PICKALOCK. Although it does not 
include a program debugging facility 
(the Scenix debug interface is propri- 
etary), the system as described here 
does allow you to get started and 
apply debugging techniques you may 
already know. So how is the SX chip 
programmed? 


IN-CIRCUIT 

SX PROGRAMMING 
Scenix have designed an ingenious 
protocol that enables the SX processor 
to be programmed via the two pins 
normally connected to the quartz 
crystal! Using suitably designed cir- 
cuitry it is even possible to apply the 
protocol without removing the crystal 
from the circuit. In other words, in-cir- 
cuit serial programming (ISP) is a real- 
ity with the SX. 
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Figure 2 shows the basic circuit that 
gives the PICKALOCK access to the SX 
processor. To switch the SX chip to ISP 
mode, the voltage at the OSC1 pin has 
to be raised to 12.5 V. First, however, 
the internal SX oscillator has to be dis- 
abled as described in the ISP specifica- 
tion which may be found in the docu- 
mentation supplied by Scenix. 

Oncein ISP mode, the SX processor 
starts an internal oscillator which con- 
trols the complete timing of the pro- 
gramming sequence. Data is then 
exchanged via the OSC2 pin, which 
acts as a kind of open-drain bus 
together with the OSC2 connection of 
the SX-PICKALOCK and an internal 
pull-up resistor inside the SX chip. 


Two-way 

DATA TRAFFIC 

The serial protocol is based on frames 
consisting of 16 data bits. A frame is 
divided in 17 cycles, the first one acting 
as asynchronisation aid. The remain- 
ing 16 cycles provide the actual data 
transfer. The system is illustrated in 
Figure 3. 

Every individual cycle consists of 
four equally long parts, TOthrough T3. 
There are three types of cyde. In async 
cycle, the OSC2 signal is high all the 
time. In a‘l’ cycle, the OSC2 signal is 




















Figure 3. The serial program- 
ming employs a clever proto- 
col based on frames consist- 
ing of 17 cycles. 


high in the parts called TO, T2 and T3, 
and low in the part called T1. In a ‘0’ 
cycle, the OSC2 signal is high during 
the TO part, and low in the T1, T2 and 
T3 parts. The currently active transmit- 
ter defines the state during the T2 and 
T3 parts. The receiver interrogates the 
level at the OSC2 input on the transi- 
tion from T2 to T3. When the SX-PICK- 
ALOCK idles, i.e., does not execute 
commands, and the SX chip is in pro- 
gramming mode, the latter always 
transmits frames consisting of a sync 
cycle and 16 ‘1’ cycles (IDLE frame in 
Figure 3). 

This frame allows the SX-PICK- 
ALOCK to find out when the frames 
start. Once frame synchronisation has 
been achieved, the SX chip and the SX- 
PICKALOCK are ready to start 
exchanging data and commands. Each 
frame always ‘moves’ 12 bits of data, 
and 4 bits of command information. 
The first four bits (C3 though CO) ina 
frame are the command bits (MSB- 
first). These are always transmitted by 
the SX-PICKALOCK. Depending on 
the command, the next 12 bits then 
travel from the SX chip to the PICK- 
ALOCK, or the other way around. The 
available commands are listed in 
Table 2. Figure 3 indicates a READ 
frame with the following bit levels: C3- 
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CO = 0110, D11-D0= 10101...0. 


TRANSMISSION SPEED 
The documentation supplied by Scenix 
via their web site states that each inter- 
val of TO to T3 equals a 128-kHz clock. 
In other words, a cycle has a length of 
4/128,000 seconds or 31.25 (s. On a cou- 
ple of early processors (data code 9818) 
a dock rate of about 105 kHz was mea 
sured. Apparently the internal oscilla- 
tor which creates the clock signal was 
a bit too slow. A similar point was 
found in the Errata sheets about the 
internal RC oscillator which may be 
used to clock the oscillator. According 
to Scenix, 3.2 MHz was reached instead 
of 4 MHz, and doing the sums, 
128 kHz x 3.2/4 = 102 kHz, providesa 
good explanation of the actually mea- 
sured clock rate. The upshot was that 
the PICKALOCK had to be designed 
such that it would be able to handle 
different bit rates. The current version 
accepts bit rates between 95 kHz and 
140 kHz, which should be sufficient for 
most, if not all, practical purposes. 
(990018-1) 


In next month’s instalment we will describe 
the construction and practical use of the 
SX-PICALOCK, and the demo boards will 
also be described. 
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